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(54) Abstract Title 

Weflbore casing wh*rao^exp^ 

(57) A tubular liner 210 and mandrel 205 are positioned within a section of well bore 100 with the tubular liner 
overiapping an existing casing 1 10 (if present). A hardeneble fluid* material (305, figure 3) Is infected into the 
r ° n M^T lb0r9 310 b * l0W tne,eve,oftne mandrel 205 end into the annular region 315 between the tubular 
VOL s ** on 106 wellbore. The inner end outer regions of the tubular liner are then fluidicty Isolated 
bytmrcxlucing a plug 405. A non-hardenable flu idle materiel 306 is then injected into a portion of the interior of 
the tubular liner 310. below the mandrel, to pressurize It The tubular liner Is subsequently extruded off of the 
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WELLBORE CASING 
Cross Reference To Belated Applications 
This application claims the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tu bin g 

Conventionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of driflrog fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed in a lower borehole interval is lowered through a previously 
in st al l ed casing of an upper borehole interval. As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole waU to seal the casings ftom the borehole 
wall. As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing >™nH1m g equipment, large 
drill bits and increased volumes of drflmig ftaid and drffl cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



in the borehole, injecting fluidic material into the borehole, and radially expanding 
the linpr in the borehole by extruding the li^gr off of the mandreL 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling oat a new section of the 
5 borehole adjacent to the already existing casing. A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluid ic sealing material is injected into 
an grmwhir region between the tubular liner and the new section of the borehole. 
The annular region between the tubular liner and the new section of the borehole 

10 is then fluklicly isolated from an interior region of the tubular Krer below the 
mandreL A nan hardenable fluidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded oflf of 
the mandrel. The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 

15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 

20 cured fluidic hardenable sealing material within the tubular liner is removed- 
According to another aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 

25 fluid passage. The tubular member is coupled to the mandreL The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to ynnthgr aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that includes a support member, an 

30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage , and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular m emb er 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubu^ 
member, is provided that includes positioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member la pressurised and the second tabular mento 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular memb er 

According to another aspect of the present invention, a well^ 
provided that includes a tubular liner and an annular body of a cured fluidic 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandrel 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weUbore casing is provided that inc^^ 
annular body of cured fluidic sealing material The tubular liner is formed by the 
process of extruding the tubular liner off of a mandrel The annular body of a 
25 cured fluidic sealing material is coupled to the tubular l i ner . 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a firstfluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahfy coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is unliable 
The tubular member is coupledto The shoe is coupled to the tabular 
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memb er. The shoe includes a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is (billable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 

first quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 3a is another fragmentary cross-sectional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a c?5"*g within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for formings casing including a (billable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a croes-sectional illustration of a weUbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandible tubular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing 
material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandrel 
10 FIG. lOe is a crass-sectional illustration of the extrusion of the tubular 
member off of the mandrel 

FIG. lOf is a cross-sectional ilhistration of the tie-back 1^ 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expandible tubular member. 

FIG, 11a is a fragmentary cross-eecti^^ 
new section of a well borehole. 

FIG. lib is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for hanginga tubular liner within the new secti 
20 of the well borehole. 

FIG. 11c is a fragmentary cross-sectional view illustrating the injection of 
a first quantity of a hardenabte 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG, lie is a fragmentary cmrm sectional view fflnstrating the injection of 
a second quantity of a hardenabh flnidir sealing material into the new section of 
the well borehole. 

FIG. llf is a fragm ent ary cross-sectional view fflnstrating the completion 
30 of the tubular liner. 
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Detailed Description of the Illustrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 

10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the "fofcfag tubular member. The 
apparatus and method further minimises the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by npanrtmg the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for Hang in g an expandable tubular liner in a 

30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 
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Referring initially to Figs. 1-5, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an easting cased section 110 having a 
5 tubular casing 115 and an annular outer layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section ISO. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 
10 a subterraneanfornwtkm is then position 

100. The apparatus 200 preferably mdades «« t«~i,ku mandrel or pig 205, a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cnp seal 225, a 
fhirt passage 230, a fluM passage 235, a 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandab le mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandable mandrel 205 comprises a hydraulic expansion tool as 
disclosed in US. Patent No. 6,848,095. the contents of which are incorporated 
herein by reference, modified in accordance with the toaMngf, 0 f the present 
disclosure. 

The tubular member 210 is supported by thn OTymnHpfrfc mandrel 205. The 
25 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), IS chromium steel tubingfcasing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
30 fabricated from OCTG in order to niaximize strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
apimarimately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 
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embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimise the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal II Down-Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teaching?* of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects harden able fluidic sealing material into the 
region outside the shoe 215 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 
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The lower cup seal 220 is coupled to and supported by the support mem ber 
250. The lower cup seal 220 prevents foreign matai^ from altering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
from Halliburton Energy Services in Dallas, TX in orier to optimally block foreign 
material and contain a body of lubricant 
10 The upper cup seal 225 is coupled 
250. The upper c^aed 225 prevents fo^ 

region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conve nt io n al commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup , available from Halliburton Energy Services in Dallas, TXin order to optimal^ 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 210 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 205. Hie fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expa nd able 
mandrel205. The fluid passage 230 is preferabrypoa 
the apparatus 200. 
25 The fluid passage 230 is preferahry selected, m 

operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallonsfaiinute and 0 to 9,000 
psi in order to minimize drag on the tabular member being run and *n minimize 
surge pressures exerted on the 
30 and lead to hole collapse. 

The fluid passage 2 35 permits fluidic materials to be released from the fluid 
passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the wellbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimi zing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to oontrollably minimiie surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centerline 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the dragon the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member 
In this manner, the fluid passage 240 can be sealed off introducing a plug, dart 
and/or ball sealing elements into the fluid passag e 230 . 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 246 are farther positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidity sealed. The seals 245 may comprise 
any number of conventional commercially available seals such as, for exam ple, 
10 lead, rubber, Teflon, or epoxy seals modified in accordance wife 

the present disclosure. In a p r ef erred embodiment , the seals 245 are molded from 
Stratalockqpoxy available 1^ 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient fractional force to support the expanded tubular member 2 10 from the 
existing casing 115. In a preferred embodiment, the ftictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 lbf in order to 
optimally support the expanded tubular member 210. 
20 The support member 250 is coupled to the eq>andahle mandrel MS, tnHiii«r 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
embodiment, the support member 250 farther includes one or more conventional 
25 centralizers (not illustrated) to help stabilize the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this m mi T ie r, the extrusion of the tubular member 210 off 
of the expandable mandrel 205 is facilitated. The lubricant 275 may comprise any 
30 number of conventional commercially available lubricants such as, for example , 
Lubriplate, chlorine based lubricants, ofl baaed lubricants or Oimtt 
(3100). In a preferred embodiment, the lubricant 275 comprises Climax 1500 
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Antisiere (3 100) available from Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facfliate the expansion 
proc es s. 

In a pre f erred embodiment, the support member 250 is thoroughly cleaned 
5 prior to nawnKly to the rPTTinining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes the po ssib ility of foreign material ffinggirigthe various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the weQbore 100 v a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials aze located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hardenable 

fiuidic «*»i™ e material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
315 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 316 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/nun, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
av ailab le pumping equipment, and fluid properties of the fiuidic material being 
pumped. The optimum flow rate and operating pressure are preferably determined 

30 using conventional empirical methods. 

The ha rdenab le fiuidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fiuidic sealing materials such as, 
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for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardanahle fhndic sealing material 305 comprises a blended cement prepared 
speci fi cal ly for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 210 
5 while also maintaining optimum flow characteristics so as to minimize difficulties 
during the d ispl a ceme nt of cement in the annular region 315, The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 suffic i ent quantities to ensure that, upon radial »T« m «frm ttf the tubular member 
210, the annular region 315 of the new section ISO ofthewellbore 100 wffl be filled 
with material 305. 

In a particularly preferred embodiment, as illustrated m Kg. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
15 region acljacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200mposi1i<ros in tte Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 2 10 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 305, a plug 405, (ff 

fluid passage 240 thereby flnididy isolating the interior region 310 from the 
annular region 315. In a preferred embodiment, a non-hardenable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the interior of the expanded tubular member 2 10 will 
25 not c ontain signifi ca nt amounts of cored material 305. This reduces and simplifies 
the cost ofthe entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off ofthe expandable mandrel 206. During the extrusion 
30 process, the expandable mandrel 205 may be rained out ofthe expanded portion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 205 is raised at approximately the same rate as the tabular 
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member 210 is «»*p«*dpd in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the extrusion process is rrm*™ OT ™** with the tubular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 tinder the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The phig 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices from plugging 

Cementer (MSQ latch-down phig, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosure. In 
15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, IX 

After placement of the phig 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 1 0 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 
20 to 4,000 gallona ftnin. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimized Ina 
preferred embodiment, after placement of the phig 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 3,000 gallona/min in order to maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205 , the material composition of the tubular member 2 10 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the wa^ 
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the mner diameter, and the greater the yield strength of the tubular member 210, 
then the greater the operating pressures required to extiude the tubular men^ 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the expandable m a ndr el will begin when the pressure of the interior region 
310 reaches, for example, a ppr ox im ately 600 to 9,000 pel 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the e xp and e d portion of the tubular member 210 at rates ran ging , for 
example, from about 0 to 6 ft/sec In a preferred embodiment, during the extrusion 
10 process, the nrpanriable mandrel 205 is raised out of the expanded portion of the 
tubular member 210at rate 
the time required for tte 
the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
15 expan d a ble mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 2 10 will preferably contact the interior surface 4 10 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 psi In a preferred embodiment, the con 
20 joint ranges from approximate*/ 400 to 10,000 psi in order to provide optimum 
pressure to activate the annular sealing members 245 and optimally provide 
resistan c e to axial motion to accommodate typical tensile and compressive loads. 

The overlapping joint between the section 410 of the existing casing 1 15 and 
the section 266 of the expanded tubular member 2 10 preferably provides a gaseous 
25 and fluidic seal Inaparticularrypreferred embody 

optimally provide a fluidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
har den a hlp fluidi c material 306 is controDabry ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the am^lete extrusion of the 
tubular member 210offof the expandable mandr^ Ina 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end oftheextnxaion process beginning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for example, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 2 10. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cored material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional T^nnnpr using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 51 5 of cured material 305 . The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 mchides one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
6 member 210 is pressure-tigftt and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment , the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the 
10 membere605arebonded 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressures required to expand the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity in faim minimizes thf mechanical chock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Pig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a wellbore preferably includes an 
20 expandable mandrel or pig 70S, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup aeal 730, 
a fluid passage 735, a fluid passage 740, a support member 745, a body of lubricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 Tbe e xp a nd able mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 706 is farther coupled to the expandable 
mandrel container 710. The expendable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable mandrels 

30 modified in accordance with the teachings of the present disclosure. Inapreferred 
embodiment, the e xpandab le mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in UA Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside HiftTwtgr of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

gnmilflr cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross- section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tabular 
member 715. The intermediate section 810 of the tubular member 715 is 



-18- 



preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
fadEate the initiation of the extrusion process and optimal^ 
10 700 to be positioned in locations in the weflbore having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for example, from about 1.05 to 48 inches and 1/8 
to 2 inches, respectively. In a preferred embodiment, the outer diameter and wall 
thickness of the upper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 3/8 to 1£ inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 1.5 in c he s , respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 finom about 3.5 to 19 inches and 1/8 to L25 inches, respectively . 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to 125 inches, respectively. In a preferred embodiment, the outer diam eter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the wall thickness of the lower section 815 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
(billable materials such as, for example, aluminum are used. 

The tubular member 715 preferably comprises a solid tubular member. In 
30 a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes the extrusion of tubular member 715. In a preferred embodiment, the 
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length of the tubular member 715 is limited to minimize the possibility ofbuckling. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet paaaage 830, and one or more 
jet ports 835. In a particularly prefer r e d embodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably indudes a body ofsohd material 8^ strength ofthe 

shoe 720. In a particularly preferred embodiment, the body of solid material 840 
comprises aluminum 

The shoe 720 may comprise any number cf conventional commercially 
av ailab le shoes such as, for TflTnp lft , Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug av ailab le from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
t^hniwy ttictti W 71 fi and «n mating wellbore casing, and to optimally fiaciliate the 
removal ofthe shoe 720 by drilling it out after completion ofthe extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region ofthe tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings ofthe present disclosure. In a preferred 
embodiment, the lower cup seal 726 comprises a SEP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cop seal 730 prevents foreign materials firm entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional commercially available cup seals such as, for exampl e, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present diadosare. In a p r eferre d embodiment, the upper cup seal 
730 comprises a SIP cup available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits fluidic materials to be transported to and 
10 from the interior region of the tubular member 715 helow the ^rp^nA^U mandrel 
705. The fluid passage 735 is flnkiidy coupled to the fluid p The fluid 

passage 735 is preferably coupled to and positioned within the support member 
760, the support member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expandable mandrel 705. The fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gallons/minute 
and 500 to 9,000 psi in order to provide sufficient operating pressures to extrude 
20 the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to figs. 1-6, daring pla cem ent of the 
apparatus 700 within a new section of a wellbore , fluidic materials forced up the 
fluid passage 735 can be released into the weDbore above the tubular member 715. 
In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260. The 
pressure release passage is further fluidicly coupled to the fluid passage 735. The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimire surge pressures. The 
30 pressure release passage is preferably positioned substantially orthogonal to the 
centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as cement, drilling mud or epoxies at flow rates 
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iriiWkbii^egiiUbkiplMfc A Theoverahot 
connectioii 765 may comprise any number of convonttoud commercially available 
overshot connections such as, for example, Innentriny Sealing ipter, 
Innerstring Rat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
j preferred embodiment, the overshot connection IS comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas,!! 

The support member 760 is preferably coupled to the overshot connection 
755 and a surfisce support structure (not Obstrated). The support member 760 
11 preferably comprises an annular member having sufficient strength to cany the 
apatusIMhtoanersectoofawta TbsuptmemberlEimay 
comprise any number of conventional commercially available support members 
sucba^forezample,!^ 

modified in accordance with the teachings of the present disclosure* Inapreferred 
15 embodiment, the support member 760c»iip^aconv^naldrinp^ available 
&om steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. he 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 



20 epherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
bucklingofthetubularmember715. Thestabilizer766m^compriseanynumber 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the teachings 

B ofthepresmtdisdomlnap^ 



DM 

In a preferred embodiment, the support members 745 and 760 are 
thorou^ily cleaned prior to assembly to the remaining portions of the apparatus 
!) 1 In this manner, the introduction of foreign material into the apparatus 700 
isouoiniized, This minimizes the possibihty of foreign material clogging the 
various flowpassagesandvalvesofth£apparatus700. 
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present disclosure. In a preferred embodiment^ the seals 845 comprise seals 
molded from StrataLock epoxy available fioin Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interfisrence fit in the overlqipingjoint between the tubular member 715 and an 
5 existingcasingwithopwybetity 
115. 

Inaprekredenibodi^ 
fictional force to support the expandedtQbularnmmber715temtheezi^ 
casing, kapMn^ 

U ranges fan about Iff to 1,000,000 U in order to optimally aipt the 
expanded tubular member 715* 
ItosupprtmemberTISij^ 

705 and the overshot connection 755, He support member 1(5 preferably 
comprises an annular member having sufficient strength to cany the apparatus 

15 700intoanewsectionofawel]bore. Ttosupportmember745m^rcompriseany 
number of conventional commercially available support members such as, for 
example, steel drillpipe, coiled tubmgorothor hi^ strei^ tubular modifiedm 
accordance with the teachings of the present disclosuze. Inapreferred 
embodiment,^ support mankr 745 ccmpiiaesconvMod drillpipe available 

KkvariouistedmlintheUnMStte 

In a piefierred embodiment, a body of lubricant 750 is provided in the 
annular region above the epndable mandrel container 710 within the interior of 
thetubular member 715. Inimannsr,laxtrusionof^ 
offof the expandable mandrel 705 is facilitated The hihrkant 705 may comprise 

25 any number of conventional commercial^ available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
liniezed), In apre^ embodiment, the lobricant 750 comprises 
Climax 1 ttieze (1) available fan Haliiton Energy Services in 
Houston, TX in order to optimally provide bbricatkm to factliate the extrusion 

90 process. 

Iheovershotconnecto 
r;?F'3n edt^t The o^t conec&a ?5o pirferaily^^ the pi^n 
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mdpressuresrangiiigta^ 

ordertoiekfhedrptbeapM 

of a wellbore and to minimize surge pressures on the new weDbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
5 &om the region exterior to the tubular member 715. The fluid passage 740 is 
p^'enblv coopk ^ d ^a^ad wiiui the i^oe :23 m fluidic conmumti on 
with the interior region of the tubular member 715 below the expandable mandrel 
705, TheUpassage74t|^ 

11 toti^bkirjtterpa^dicnrt Inimaaner,thelnterior 
region of the tubular member 715 below the expandable mandrel 705 can be 
oplimal^fhiidkty isolated from the region exterior to the tabular member 715. 
Thii perat^ tie mtmor region of u±iai member 715 b<low the opandails 



5 The fluid passage 740 is preferably positioned substantially along the 
centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 



to optimally fill an annular region between the tubular member 715 and a new 
10 section of a wellbore with fluidic materials, bapreferndembodiment.thefiuid 
passage7IOinclulesininletpas^ 

dart and/or a ball sealing member. Inthismanner r thefluidpassage240canbe 
sealed off Vy introducing a plug, dart and/or baU sealing elements into the fluid 
passage!!. 

15 bapreferred embodiment, the qjparatus 700 fiirther includes one or more 
dsi#4toandsup|»r^ 
715. ThescafcMerpoM^ 
S20 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluididy sealed The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 (hiring insertion into a new section 
of a wellbore and to minimize surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidk communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block farther passage of fluidic materials In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidicfy isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section ofa wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further includes one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are farther positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluididy sealed. The seals 845 may comprise any 
n umb er of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a pref erred embodiment, the seals 845 comprise seels 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing capacity to support the tubular member 
715. 

In a preferred embodiment, the seals 845 are selected to provide a sufficient 
frictional force to support the expanded tabular member 715 from the existing 
casing. In a preferred embodiment, the frictional force provided by the seals 845 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
expanded tubular member 715. 

The support member 745 is preferably crmplgd in the grpflnrfaMft mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 
15 700 into a new section of a wellbore. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 745 comprises conventional drill pipe available 
20 from various steel milk in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable ™ Q nrir»l rrmtwhiftr 71 0 within the interior of 
the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 
25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisieze (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide fabrication to faciliate the extrusion 
30 process. 

The overshot connection 765 is onqried to tiie support member 745 and tie 
support member760. The overshot connection 755 prefer 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional c ommer cially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 pre f erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 700 into a new section of a weDbore The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drfll pipe, coiled tubing or other high strength tubulara 
modified in accordance with the teachings of the present disclosure. In a preferred 

15 embodiment, the support member 760 comprises a conventional drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 765 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
bucklingof the tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packe r shoes or drag blocks modified in accordance with the t e a chin g s 

25 of the present disclosure. In a preferred embodiment, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weDbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with th*> expansion nmiyirwl 7ftfi during the qrpimqvni process. 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 

10 As iDnstrated in FSgi 8, in an a lte r nati i » ■ mniwwiii^ t ^ method 
and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 806. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 

15 materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, «mfnt, epoxy , 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seaL In an alternative preferred embodiment, the 
20 tubular liner 810 is formed within a horiwrntally positioned pipeline section, such 
as those used to transport hydrocarbons or water, 

in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to directly line a wellbore with a tubular liner 810. Ina 
preferred embodiment, an outer annular lining of cement is not provided between 
the tubular liner 810 and the wellbore. In the alternative preferred embodiment, 
any number of fluidic materials can be used to expand the tubular liner 810 into 

30 intimate contact with the wellbore such as, for example, cement, epoxy , slag mix, 
or drilling mud. 



-25- 



Referring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902, a support member 904, an expendible mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
S and shoe 908 permits easy removal of those elements by drilling them out. In this 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 

10 apparatus 900, the tabular member 902 is preferably extruded off of the mandrel 
906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular cross-section. 

In a particularly preferred embodiment, an expandable tubular member 915 
is coupled to the upper portion 9 10 of the expandable tubular member 902. During 

15 operation of the apparatus 900, the tubular member 9 15 is preferably extruded off 
of the mandr el 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular member 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater than the wall t 1 "'*™™'* of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 9 1 5 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902 . 

25 In apaxticularlypreferred embodiment, the tubular member 915 has a plastte yield 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 902. The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an *^g^^g section of wellbore casing. 
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In a p refe rred embodiment, the combined length of the tabular members 
902 and 916 are limited w»niTm»» the possibility ofbuckling For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 9 14 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any n umb er of 
10 conventional commercially available rnai**vin\* such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tubulars in order to optimally 
provide approximately the sanm ttwt hanira 1 properties as the tubular member 9 15. 
In a particularly preferred embodiment, the tubular member 902 has a plastic yield 
16 point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1A6 to 1.5 
inches. In a preferred ernhndiman^ the thickness of the upper, intermediate, 
20 and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
1/B to 1.25 in order to optimally prmrMn wall f w are pfrnit the game as 
the tubular member 915. In a pr e fer red embodiment, the wall thickness of the 
lower portion 9 14 is less than or equal to the wall thinim^ of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter of the upper, intermediate, 
and lower portions, 910, 912 and 914 of the tubular member 902 range from about 
30 3 V* to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 commeroaDy available tubular members modified in accordance with the teachings 
of the present disclosure. In a pre f erred embodiment, the tubular member 902 
comprises Oilfield Country Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members mnAifwA in accordance with the teachings of the 
10 present diflclomire In a pr e fe rred embodiment, tn bular mwwhflr fllfi comprises 
Oilfield Country Tubular Goods available from various UU. steel mills, 

The various elements ofthe tubular member 9^ 
number of conventional process such as, for example, threade d connections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 916 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are angled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 
a fluid passage 918 f an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

Thefloidpas8age918i8preferabfrufl 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicjy coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 918 ia mad tn convey iumfaiiiMA flnMic — mntirrifllrt to find from the 
apparatus 900. Inaparticularfy preferred embody 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk ftuidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is 
20 within the tubular member 916. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from Halliburton Energy Services in Dallas, TKorder 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling 922 couples the suppo^ The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, alower cone retainer 980, abo<Jyofcement932,atowerguide 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign ma terials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in order to lubricate 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
n umb er of conventional commercially available lubricants such as, for example, 
Lub riplate , chlorine based lubricants, oil based lubricants or Climax 1 500 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 

25 (3100) av ailab le from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fad li ate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930 , housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section, 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges from about 0.25 to 0.75 inches in order 
to optimally provide adequate compressive strength with mrnmini material The 
10 maximum and minimum outrida diameters A*p«i»imi cone »-* m q y nm p . 
for example, from about 1 to 47 inches. In a preferred embodiment, the maximum 
and minimum outside diameters of the expansion cone 928 range from about 3.5 
to 19 in onier to optimally provide expansion of generally available oilfield tubulars 
The expansion cone 928 may be fabricated from any number of conventional 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 

from tool steel in order to optimally prov ide *"g h ntrmgth an A abr asio n ™ri afai^^> 
The surface h a r dness of the outer surface of the expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred emb odiment , 

20 the surface hardnes s of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness 

25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, anal movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially «timii^ T cross-section. 

The lower cone retainer 930 may be fabricated from any number of 

30 conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steel In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength In a preferred embodiment, the 
lower cone retainer 930 is heat treated to optimally provide a hard outer surface 
and a r esilient interior body in order to optimally provide abrasion r esistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 

10 cone 928 are formed as an integral one-piece dement in order reduce the number 
of components and increase the overall strength of the appa r atus. The outer 
surface of the lower cone retainer 930 preferab^ mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing structure for the man drel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially a nnular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 938 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steeL In a preferred embodiment, the 
10 extensi on sle e ve 936 is fabricated fipm bw alky 

highyieM strength. The outersurfaceof the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 962 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a phig or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer in 
order to optimally provide drillability. The end erf the spacer 938 preferably mates 
25 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the se aH ngal ee ve 942 are formed as an integral one-piece element in order 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and tower cone retainer 930. During 
30 operation of the apparatus 900, the housing 940 preferably prevente 

motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to minhnite the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fariliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the up p er c on e retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is mbricated from 
20 aluminum in order to optimally provide driDability of the sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimize the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substa n tia l l y annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a pref erred embodiment, the upper cone retainer 944 
is fabricated from aluminum m order to opti 
5 cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shap e 
that is substantially I-shaped to provide increased rigidity and minimize the 
10 amount of material that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the robber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially «Tinnl« T cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
20 f ab ri ca t ed from aluminum in order to optimally provide drfllability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide drfllability of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially pnmilflr cross-section. 

The guide 950 may be fabricated from any somber of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 Hie fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably conveys hardenable Guidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 gaUons/min in order 
to optimally provide pressures and flow rates to displace and cinnilateftaids during 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandr el 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964, 

30 The housing 954 is coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the ertnisinn and positioning of the tubular member 902. 
Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, *h» famgmg i« fohriwitArf frnm ahiminum in order to 
optimally provide drillabfliiy of the housing 954. 

In a particularly preferred embodiment, the interior surface of the ho using 
954 inc lude s one or more protrusions to fariliate the connection between the body 
of cement 956 and the housing 954. 
10 The body of cement AM ifl«mpl«i to th* htmiangQRA 9 and ***** sealing nlfitsr 
958. In a preferred embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easily drilled out using conventional 
d rilling machines and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
hard enable fhiidic motrinl from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to inject the hardenable fluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900 , the sealing sleeve 958 further 

25 in c hide s a n inlet geometry that permits a conventional plug or dart 974 to become 
lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
may be blocked thereby fhiidfcfar isolating the interior region 966 of the 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 annular cross-section. The sealing sleeve 958 may be fabricated from any n umber 
of conventional commercially available ™*****?\n such as, for example, steel, 
ah iminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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W fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900 , the sealing sleeve 960 further includes an inlet 

10 geometry fo** permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fhridicly isolating the interior region 968 of the tubular me mber 902 . In 
a preferred embodiment, one end of the extensicm tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the twuisfer of material between^ 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. Theextenmontube960 maybe fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 

20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallomVmin in order to optimally 
provide fluids at operationally efficient rates. 

30 The outlet jets 964 are coupled to the sealing sleeve 958, the extension tube 
960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various el emen ts of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 
described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a weHbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 916. Ina 
preferred embodiment, a hardenable fhxidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardenab le fluidi c sealing material than passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
wellbore. Continued pumpingofthe ho ndmmhU fl uidic ^^ g^ fl tgrial causes the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gallona/min, respectively. In a preferred embodiment, the 
hardenable fluidic sp al mg mwteri al is pumped into the annular region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The har denable fluidic sealing Ti^fr*™ 1 may comprise any number of 
conventional commercially a vailab le hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
har denab le fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operatio nal difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The a^Tiniar region preferably is filled with the hardenable fluidic sealing 
materia] in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
filled with hardenable material. 

2 0 Once the annular region has been adequately filled with hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embo dime nt, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974 , or other similar device, preferably is 
introduced into the fluid passage 962 by introduciiig the plug or dart 974 , or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cured material within the interior of the tubular members 902 and 915 

30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surfM*k>cationm 
a conventional manner. The plug or dart 974 may comprise any num b er of 
conventional commercially «vaiiiihu> devices far p^ge^ga fluid paggag? mirh ns, 
for example , Multiple Stage Cexnenter (MSG) latch-down plug, Omega latch-down 
10 plug or three-wiper latch down plug modified in accordance with th« t^hfrip i of 
the present disclosure. In a preferred rnnhodhnpnt , the phigor dart 074 wmipriffp* 
a MSC latch-down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962 , the son 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallon^min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 
20 of the interior region 966 reaches approximate^ 500 to 9,000 psi. In a preferred 
embodiment, the extrusion of the tubular members 902 and 915 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallomVminute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a preferred embodiment, during the extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 
30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion ofthe tubular member 
916 will preferably contact the interior surface of the lower end portion of the 
ATigting casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a prefer r e d embodiment, the contact pressure of the overlapping joint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 
10 the tubular member 915 and existu^ 
compressive loads. 

In a preferred embodiment* the operating pressure and flow rate of the non 
hardenable fhiidic material will be controllably ramped down when the mandrel 
906 reaches the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operating pressure and/or flow 
rate of the hardenable fhiidic sealing material and/or the non hardenable fhiidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minijaixe sho ck . 

25 Alternatively, or in combination, a shock absorber is provided in the support 

member 904 in order to absorb the shock caused by the sudden release of pressure . 

Alternatively, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 90 6 is removed from 

the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fhiidic seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fhiidic seal of the overlapping 
joint between the tipper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 hardenab le flnidic sealing material within the expanded tubular member 915 is 
thai removed in a conventional manner. The hard enable fluidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any remaining cured hard enable fluidic sealing material within 
10 the interior of the expanded tubular members 902 and 916 is then removed in a 
conven tion a l manner using a conventional drill string. The resulting new section 
of casing preferably includes the exp a nde d tubular members 902 and 915 and an 
outer annular layer of cored hardenable fluidic sealing material. The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire spparatus 900 from the interior oftheweUbore due 
to a m a lfu n ct ion. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in order to facilitate the removal of 
20 the r emaining sections. In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
25 sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the tqsp^ cone retain^ 944, 
the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 
954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
m a lf u nc tion downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Pigs. 10a, 10b, 10c, 10d, 10e, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a weUbore will now be described As 
illustrated in Fig. 10a, a weUbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first casing 1004 preferably includes a tubular liner 1008 and a cement 

annuhis 1010. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is formed by a tubular member substantially as described above with 

reference to Figs. l«9c or below with reference to Figs, lla-llf. 

10 In a particularly purred embodiment, an upper portion of the tubular 
liner 10 12 overlaps with a lower portion of the tubular liner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-back liner that e xten ds from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1135, one or more fluid passages 1140, seals 1145, and a 

20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJ3. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference , modified in accordance with the teachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandab le 

mandrel 1105. The tubular member 1105 is expanded in the radial direction and 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials sach as, for example, Oilfield Country 
Tubular Goods, 13 chromium tubing or plastic piping. In a preferred embodiment, 
the tubular member 1 110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubular member 1110 may range, for 
5 example, from approximately 0.75 to 47 inches and 1.06 to 48 inctes, respectively. 
In a preferred embodiment, the inner and outer diameters ofthe tubular member 
1110 range from about 3 to 15.5 inches and 3.6 to 16 inches, respectively in order 
to optimally provide coverage for typical oilfield casing sizes. The tubular member 
1110 preferably comprises a solid member. 
10 In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimize the possibility of buckling. For typical tubular member 1110 materials, 
15 the length of the tubular member 1110 is preferably limited to between about 40 
to 20,000 feet in length. 

The ahoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 11 15 includes the fluid passage 1135. The ahoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Seal H float shoe, Super Sea^ 

with a sealing sleeve for a latch down plug modified m accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a npAlfag sleeve for a latch-down 
phig with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX, modified in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 1 100 to the 
overlap between the tubular member 1100 and the casing 1012, optimally fluidity 
isolate the interior of the tubular member 1100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fluidic communication with the fluid passage 1135. In this manner, 
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the shoe 1115 injects hardenable fhiidic sealingmatBrial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 1 40 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed offby introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1 12 0 is coupled to and supported by the support member 1150. 
The cup seal 1 12 0 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup seals 
such as, for example, TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a p re f erred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1 135 permits flnidic materials to be transmitted from fluid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
co mmunicat ion with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of Qui die materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1 105 to be pressurized. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 3,000 gallons/minute and 0 to 9,000 pei in order to optimally fill the 
annular region between the tubular member 1U0 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1 140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dar t 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region of the tubular member 1110 
to be fluidicty isolated from the erteriorof the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulic seal in the overlapping joint and optimally provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1 145 are selected to optimally provide 
a sufficient factional force to support the expanded tubular member 1 1 10 from the 
5 tubular liner 1008. In a preferred embcdiment, the frictional force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellbore 1000. In a p re fe rred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 
15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for examp le, Lubriplate, chlorine based lubricants or Climax 1500 Antiaeize (3100). 
20 In a preferred embodiment, the lubricant 1 150 comprises Climax 1500 Antiaeize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a pref erred embodiment, the support member 1 1 50 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of fore i gn material into the apparatus 1100 ia minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fluidic 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drOlable cement retainer. In a preferred embodiment, the packer 
1 165 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, IX In an alternative embodiment, a high gel strength pill may be set 
below the tie-back in place of the packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the wellbore 1100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materials located within the weDbore i non that 
clog up the various flow passages and valves of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fhndfcseaBngmaterial 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the «wTmhn» region. 

The material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallonsftnin, resp ectively. Inaprefarredeinbodiment, the material 1160 is pumped 
into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional *mpincfll methods 

30 The hardenable fluidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
memb er 1 1 1 ft while maintaining optimum flow characteristics bo as to minimise 
5 operational diffic ulties daring the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 

10 annular region will be filled with material 1160. 

As illustrated in Fig. 10d,once ithe annular region has been adequately filled 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the fluid passages 1 140 thereby fluidicly isolating the interior 
region of the tubular m ember 11 10 from the annular region external to the tubular 

15 member 1110. In a preferred embodiment, anon hardenable fluidic mate^ 
is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non hardenable fluidic 

20 material. In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 

30 brass balls, plugs, rubber balls, or darts modified in accordance with the t eachings 
of the present disclosure. 



-50- 



In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1106 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hardenahle fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 8,000 gallons/min. 
In a preferred embodiment, after placement of the plugs 1165 in the fluid passages 
1140, the non hardenahle fluidic material 1161 is preferably pumped into the 
10 interior region of the tubular member 1110 below the mandrel 1105 at pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallonaftnin in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 
20 During the extrusion process, the expandable mandrel 1105 may be raised 

out of the expa nded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ranging from about 0 to 2 ft/sec in order to optimally 
25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1160 cures. 

In a preferred embodiment, at least a portion 1 180 of the tubular member 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wellbore casing 1012. to a particularl y pre fe rred embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section 1180 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the ^p^^^ section 1180 of the tubular member 1110 and the 
paging 1012 ranges from about 500 to 10,000 psi in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal resis t a nc e to 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has an internal diameter less than the outside 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tabular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tubular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 
15 provide optimal resistance to ensure that the joint will withstand typical extremes 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be minimised In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but shout 6 feet of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively , or in combination, a mandrel catching structure is provided 
30 in the upper end portion of the tubular member 1110 in order to catch or at least 
decelerate the mandrel 1105. 



-52- 



Referring to Fig. 10f, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the weDboxe 1000. In a preferred 
embodiment, either before ar «ftgr tha removal the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncuxed portion of the material 1160 within the 
expanded tubular member 1110 is then removed in a conventional manner . The 
10 material 1160 within the annular region between the tubular member U10 a^ 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Kg. lQt, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1 1 10 is then removed in a 
conventional manner using a conventional drill string. The resultzngtie-back liner 
15 of casing 1170 includes the expanded tubular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs. 1 la-1 If, an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The wellbore 1200 includes an existing cased section 12 10 having 
a tubular casing 1215 and an mihhIof outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known mannpr to drill out material from the 
subterranean formation 1205 to form a new section 1230. 
30 As illustrated in Fig. lib, an apparatus 1300 for forming a wellbore casing 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expend in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in U.S. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing , In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 indies, respectively in order 
to optimally provide minimal telescoping effect in the most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 % inches and 3 Vi to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diame ter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embo dime nt, the wall thirlminm and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to 1 J inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to the 
5 wall t hickne ss of the upper and lower sections, 1355 and 1365, of the tubular 
member 1310 in order to optimally facfliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, *h« "pp-- f*d portm 1 ggff ttf the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe, Super Seal II DowivJet float shoe or guide shoe with a 
sealing sleeve for a latch-down pHig ttuvWUH in accordance the teachings 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve for a latch-down plug av ailab le 
from Halliburton Energy Services in Dallas, TX,modiflW in accordaiu» with tte 

25 t each ings of the present disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidiefcr isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 13 15 further includes one or more side 

30 outlet ports in fluidic communi ration with the fluid pasmge 1380 Tn this manner, 
the shoe 1315 preferably injects hardenable fluidic sealing material into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidk sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1305. The fluid passage 1320 is raefiBrahly positioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud* or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a phig, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materi a ls. In this manne r, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluididy isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the wellbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantial^ along the centeriine of the apparatus 1300. The fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 
10 mud or epoxide at flow rates and pressures ranging from about 0 to 3,000 
gaDona/minute and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the wellbore 1200 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 1355 
15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicly sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 
20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratakck epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydrauhc seal in the 
annuhis of the overlapping joint while also creating optimal load bearing capability 
25 to withstand typical tensile md mmpr^fw» loads 

In a preferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient fractional force to support the expanded tubular member 13 10 from the 
existing casing 1215. In a preferred embodiment, the firictional force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having su ffi cien t strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the tubular member 13 10. 
5 In a preferred embodiment, the support member 1 346 is thoroughly cleaned 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the introduction offe ree" * nto the apparatus 1300 is minimize d. 

This minimizes the possibility of foreign material clogging the various flow 
passa ges and ****** of the apparatus 1300 and to ensure that no foreign material 

10 interferes with the expansion process. 

The wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper phig 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latchnlown phigs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the tea chin gs of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
within the new section 1230 of the wellbore 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Fig. 11c, a hardenable fluidic sealing material 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fluid passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1 380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tabular member 1310 and the interior wall of the new section 1230 of the wellbore 
1200. Continued pumping ofthe material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 

pressures and flow rates ranging, for prompto, from about 0 to 5000 psi and 0 to 
1,500 gallonafrnin, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,500 gallona/min, respectively, in order to optimally 
10 fill the annular region between the tubular member 1310 and the new section 1230 
of the wellbare 1200 with the hanirniahle fhridic sealing material 1380. 

The hardmable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing matoripiff such as, 
for ex a mple, slag mix, cement or epozy. In a preferred embodiment, the 
15 hardenable fluidic sealing material 1380 comprises blended cements designe d 
specifically for the well section being drilled and available from Halliburton Energy 
Services in order to optimally provide support for the tubular member 1 3 10 during 
displacement ofthe material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 
20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upon radial eipgnafam ofthe tubular member 
1310, the annular region 1390 ofthe new section 1230 ofthe wellbore 1200 will be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 
25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preferably pumped through the 
fluid passage 1320 by a mm hardenable material 1 flff 1 The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a prefer r e d embodiment, engagement of the 
30 wiper dart 1395 with the wiper phig 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1 350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fluidity isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the nan 
hardenable fluidic materi al 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially availab le devices from plugging a fluid passage such as, 
for examp le, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down phig/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 maty be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 6000 psi and 0 to 1,500 gallons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 is minimized. 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approxim ately 500 to 9,000 psi and 
40 to 3,000 gallons/min in order to optimally provide operating pressures to 
30 maintain the expansion process at rates sufficient to permit adjustments to be 
mad e in operating parameters during the extrusion process. 



-60- 



For typical tabular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi. In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a function of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical Tngfon^ff, 
10 During the extrusion process, the e xpandable mandrel 1305 may be raised 

out of the expande d portion of the tabular member 1810 at rates ranging, for 
example, from about 0 to 5 ft/sec. In a prefer red embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator a4justment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1S05, the outer surface of the upper end portion 
20 1355 of the tubular member 1310 will preferably contact the interior surface of the 
lower end portion ofthe casing 1215 to form an fluid tight overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from appr o xim ately 400 to 10,000 psi in order to 
25 optimally provide contact pressure sufBcient to ensure annular seali^ 

enough resistance to withstand typical tenaOe and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint 
In a preferred embodiment, the opera 
30 h a rdenab le fluidic material 1381 iscontrollahfr ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 ofthe tubular member 1310. 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expandable mandrel 1305 can be mrnimiTpd. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alt ernati vely, or in combination, a shock absorber is provided in the support 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alter nati vely, or in combination, a mandrel catching structure is provided 

10 in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed ficom the wellbore 1200. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 1305, the integrity of the fhiidic seal of the 

15 overlapping joint between the upper portion 1355 of the tubular member 1310 and 
the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 is then removed in a conventional manner. The material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising the shoe 1315 may then be removed by drilling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 formation has been described that includes installing a tubular liner and a mandrel 
in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandrel 
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The injecting preferably includes injecting a hard enable fhiidic sealing material 
into an annular region located between the borehole and the exterior of the 
tubular liner, and a non hardenable fluidic material into an interior region of the 
tubular liner below the mandreL The method preferably includes fluidicly 
5 isolating the annular region from the interior region before injecting the second 
quantity of the nan hardenable sealing material into the interior region. The 
injecting the hardenable fhiidic sealing material is preferably provided at 
operating pressures and flow rates ranging from about 0 to 5000 psi and 0 to 1,500 
gallons/min. The injecting of the mm hardenable fhiidic material is preferably 
10 provided at operating pressures and flow rates ranging from about 500 to 9000 psi 
and 40 to 3,000 gnllonnftnfti The infecting of the nan hardenable fluidic material 
is preferably provided at reduced operatingpressures and flow rates during an end 
portion of the extruding. The non hardenable fluidic material is preferably 
injected below the mandreL The method preferabtyindudes pressurizing a region 
15 ofthe tubular liner below the mandreL The region of the tubular liner below the 
mandrel is preferably pressurize 

The method preferably includes fluidichr isalatinf an interior region ofthe tubular 
liner from an exterior region ofthe tubular liner. The method further preferably 
includes curing the hardenable sealing material, and removing at least a portion 
20 ofthe cured sealing material located within the tabular liner. The method further 
preferably includes overlapping 

The method further preferably includes sealing the overlap between the tabular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method farther preferably includes testing the integrity ofthe seal in 
the overlap between the tubular liner and the existing wellbore casing. The 
method further preferably includes removing at least a portion of the hardenab le 
fhiidic sealing material within the tubular liner before curing. The method further 
preferably includes lubricating the surface ofthe mandreL The method ftirther 

30 preferably includes absorbing shock. The method ftirther preferably includes 
catching the mandrel upon the completion ofthe extruding 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The member i« cmipled to the mandreL The shoe is coupled to the tubular 

liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member prefer^ 
adapted to prevent foreign material from e 

member The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oufield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing . The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 136,000 psi. The tubular 
member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 

20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug Cor 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular mgmW having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular member off of the mandrel into 

member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures ranging from about 
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500 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. Tbe method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably incl ude s supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandreL The method ftirther preferably 
includes absorbing shock 

A liner for use in creatinganew section of wellbore casing in a subterranean 
10 formation adjacent to an already existing section of wellbore casing has been 
described th at i n c lud e s an annular member. The annular number indudes one or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that indndes a tubular liner and an 
15 annular body ofaoii^fluidic sealing material The tubular liner is formed by the 
process of e xtru d ing the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular ixxry of the cured fluidic sealing material is preferably formed by the 
20 pnx^ of objecting a b^ 

into an annular 

region external ofthe tubular liner. Dnrmgth* pressurising, t**» fntermr portion 
of the tubular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures r anging from about 500 to 9,000 psL The tubular liner preferably 

25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular lmer and the exists 
wellbore casing. Tubular liner is preferabty supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 

30 borehole has been described that mchiriftn W^iKr^ « ^bular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tabular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandrel. In 
a preferred Amhnrimignt, th» fluidic material is selected from the group consisting 
of dag mix, cem ent, drilling mud, and epoxy. In a preferred embodiment, the 
method farther includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner- In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 
rates r anging from about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reduced operatmgpressures and flow rates during an end portion of the extruding. 
10 In a preferred embodiment, the fhudk material is injected be^ In 
a pr e fe rred embodiment, a region of the tabular lino* below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressures ranging from about 600 to 9,000 psi. In a 
preferred embodiment, the method further includes overlapping the tubular liner 
15 with the f»rrif rt™ g wellbore casing. In a preferred embodiment, the method further 
includes sealing the interface between the tubular liner and the exi 
casing. In a preferred embodiment, the method farther includes supporting t^ 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method farther includes testing the integrity of the seal in the 
20 interface between the tabular liner and the existing wellbore casing. In a 
preferred embodiment, method farther includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method farther includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidic sealing 
material The tubular liner is formed by the process of extruding the tubular liner 
off of a mandrel The annular body of a cured fluidic sealing material is coupled 
30 to the tubular liner. In a preferred embodiment, the tubularly 

process of p l acin g the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular In a preferred embodiment, 
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during the prefisuriring, the interior pcatioDcrfthe tubular liner is fliiididyiaolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular liner is pressurized at pressures ranging from about 
500 to 9,000 psL In a preferred embodiment, the annular body of a cured fluidic 
5 sealing material is formed by the process of injecting a body of hardenable fluidic 
sealing material into an annular region between the existing wellbore casing and 
the tubular liner. In a preferred embodiment, the tubular i i>?r overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the overlap between the tubular liner and the 
10 other existing wellbore casing. In a preferred ptnWim^t tubular liner is 
supported by the overlap with the other existing wellbore 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member i nc lu d e s a first fluid passage. The mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandr eL 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a d rillab le body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a d rillab le body 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, th* expansion cone ™ HrrifatiH fhrni materials nrlcctcd from tho group 
consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



# 

_ Claims 

11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 iiyecting fluidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandreL 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already »*fa«wg casing, 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing ; 

9 injecting a hardenable fluidic sealing material into an annular region 
10 between the tubular liner and the new section of the borehole; 

U Quidicly isolating the annular region between the tubular liner and the new 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the *wq»nH fl ^ j ft mandrel; 

17 sealing the overlap between the tabular liner and the already existing 

18 casing; 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 
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22 testing the integrity of the seal of the overlap between the tubular liner and 

23 the already existing casing; 

24 removing at least a portion of the hardenable fluidic sealing material from 

25 the interior of the tubular liner, 

26 curing the remaining portions of the fhiidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured fluidic hardenable sealing material 

29 within the tubular liner. 

1 3. An apparatus for expanding a tubular member, co mpris i n g: 

2 a support member, the support member 

3 ft mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe inc hidm g a third fluid passage; 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member including: 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandab le 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing el ement s; 

11 a shoe coupled to the tubular member, the shoe i n c l uding : 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member, and 

14 one or more exhaust passages coupled to the fourth fluid passage for 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joining a second tubular member to a first tubular member, the 

2 first tubular member having an inner ^""^ g«q*fr»r than mitw diameter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region ofthe second tubular menabe^ 

7 and 

8 extniding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages 
8 member. 

17. A wellbore casing; comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a wmnHr pi- and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 



-71- 



